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Abstract
In recent times, there has been a growing trend by airports and airlines to use aviation biofuel as an environment
sustainability measure. Using an instrumental qualitative case study research design, this paper examines the
evolution of sustainable aviation fuels at Oslo Airport Gardermoen. Oslo Airport Gardermoen was the first airport
in the world to offer the first airport in the world to offer aviation biofuels to all airlines in 2016. The qualitative data
were examined by document analysis. The study found that the use of sustainable aviation biofuels has delivered
tangible environmental benefits to Oslo Gardermoen Airport. The usage of aviation biofuels has enabled the
airport, and the airlines using sustainable aviation biofuels, to reduce their greenhouse gases by 10-15%. Also,
as part of Norway’s efforts to reduce greenhouse gas emissions, the Norwegian Government have mandated
that the aviation fuel industry must mix 0.5% advanced biofuel into jet fuel from 2020 onwards. Norway’s Ministry
of Climate and Environment’s goal is that by 2030, 30% of the airline fuel will be sustainable in nature and will
have a positive climate effect. Avinor, the operator of Norway’s airports, has a goal that by 2030, 30 % of aviation
fuel supplied in Norway should be sustainable biofuel – this follows the Norwegian government’s mandate.
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1. Introduction
Airports play a highly significant role in the global air trans-
port value chain, acting as the interface point between the
surface-based and air transport modes [1]. However, with
growing environmental pressures being placed on airports
and airlines alike, all areas of the air transport industry have
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increasingly moved towards making concerted attempts to
reduce their respective carbon “footprints” [2]. Accordingly,
airports all around the world are diligently working to make
themselves more environmentally friendly [3, 4]. In addition,
to the provision of airside and landside infrastructure, airports
provide aircraft refuelling systems. The refuelling and defuel-
ing of aircraft is most frequently performed by connecting the
aircraft refuelling system to an airport-based ground refuelling
system, which is sometimes referred to as a “hydrant” system
[5]. Airports, for example, Brisbane International Airport,
Oslo Airport Gardermoen and Seattle-Tacoma International
Airport, are increasingly focusing on the provision of bio-fuels
as an environmental sustainability measure.
The global awareness to reduce greenhouse gas (GHG)
emissions from the air transport industry, thereby making the
overall air transport sector more environmentally friendly, has
increased in recent times. In this context one principal driver
has been the development of advanced biofuels for air trans-
port [6]. Sustainable aviation fuel (SAF) refers to a blended
end product consisting of conventional Jet A-1 and aviation
biofuel which conforms to applicable to the ASTM Standard
Specification D1655 or DEFSTAN 91-91 specifications for
use in jet aircraft [7]. Sustainable jet fuels represent a very
important element in the airline industry’s strategy to reduce
greenhouse gas emissions whilst at the same time satisfying
the growing demand for air travel. Biofuels have already been
used for some regular flights by various air airlines. As of
June 2018, in excess of 130,000 commercial flights have been
powered by biofuel [8]. For many years now, airlines have
experimented with biofuels. The objective has been to reduce
carbon emissions [9]. In addition, the replacement of fossil
fuels by jet-biofuels is one of the primary strategies to attain
the emission targets of decrease CO2 emissions by 50% by
2050 [10, 11].
Aircraft fuel is one of the largest operating costs encoun-
tered by airlines [12, 13], thus the airline industry is signifi-
cantly impacted by world oil prices [14]. In addition, fossil
fuel prices are increasingly becoming volatile, so it is there-
fore essential for the industry to introduce and industrialize
alternative aviation fuels generated from renewable sources,
particularly bio-mass [15].
Since 2007, Oslo Airport Gardermoen has placed a high
focus on the use of aviation biofuels as a key environmental
sustainability measure. Oslo Airport Gardermoen was the first
airport in the world to offer aviation biofuels to all airlines
serving the airport. The objective of this study is to examine
Oslo Airport Gardermoen sustainable jet fuel strategies and
identify the sources of aviation biofuels that are provided by
the airport. Oslo Airport Gardermoen was also selected as
the case company as data and background on the airport’s
aviation biofuels is readily available in the public domain.
The remainder of the paper is organized as follows. Sec-
tion 2 presents a review of the aviation biofuels literature. The
research methodology underpinning the study is presented in
Section 3. The case study is presented in Section 4. The key
findings of the study are presented in Section 5.
2. Background
2.1 The Usage of Biofuels in the Aviation Industry
The aviation industry is predicted to become a significant mar-
ket for advanced biofuels in the coming years. The increased
use of biofuels can be contributed to:
• The air transport industry produces approximately 2%
of the global CO2 emissions [16, 17];
• Airlines operational costs are substantially dependent
upon fuel costs, which typically accounts for around
30% of the total costs [16, 18];
• Airlines will need to take concrete actions in view of
their greenhouse gas emissions; and
• Sustainability will be a key factor to obtain public ac-
ceptance of any alternative fuels, hence, biofuels, that
is, those biofuels produced with innovative greenhouse
gas-efficient technologies from sustainably cultivated
crops or agricultural residues/wastes, will represent the
preferred option [16] (p. 768).
According to Gegg [19] (p. 34), “the requirement to de-
velop commercially viable alternatives to traditional fossil-
based liquid fuels for commercial aircraft is intensifying”.
One of the promising developments in the aviation fuel field is
the development of liquid biofuels [19]. Unlike conventional
jet fuel which is refined from crude oil [19], aviation biofu-
els are produced by chemically processing biomass (plant
starches and sugars) to create a liquid energy source. While
biofuels (especially ethanol and plant oils) have been utilized
to power road transport vehicles since the 1970s, it is only
within the past few years that new blends which are suitable
for use in aircraft have been developed. Aviation biofuels that
are presently undergoing flight testing with the major airlines
throughout the world have been produced from a range of
feedstocks and biomass including jatropha, coconuts, algae,
domestic refuse, woodchips, and camelina (an edible green
shrub) [19].
In excess of fifty airlines, including Air New Zealand,
Alaska Airlines, KLM, Brazil-based GOL airlines, Qantas
and Virgin Australia, have operated test flights using different
types and blends of aviation biofuels. These fuels have been
used on a range of different aircraft types in both revenue
and non-revenue services. Most importantly, these aviation
biofuels were regarded as good as conventional jet fuels as the
test flights revealed no reported loss of engine performance
[19].
To be acceptable for commercial use, aviation biofuel
must:
• First be certified in accordance with the air transport in-
dustry’s stringent safety and performance requirements;
7
G. Baxter, P. Srisaeng, G. Wild Assessment of Aviation Biofuels Usage at Oslo Airport Gardermoen
• The aviation biofuel must achieve a material reduction
in lifecycle carbon emissions compared to traditional
fossil-based jet fuel and meet comprehensive sustain-
ability criteria, such as Roundtable on Sustainable Bio-
materials (RSB) certification; and
• Be a ’drop-in’ alternative to traditional fossil-based jet
fuel to avoid costly redesign of engines, airframes or
fuel delivery systems [20].
As noted earlier, relative to fossil fuels, sustainably pro-
duced aviation biofuels result in a reduction in greenhouse
gas emissions across their life cycle (Figure 1). As can be
observed in Figure 1, during each stage in the production and
distribution chain, carbon dioxide is emitted through energy
use for the extraction and transport functions. Carbon dioxide
will be reabsorbed as the next generation of aviation biofuel
feedstock is grown (Figure 1) [20].
Furthermore, whilst aviation biofuels are being promoted
as a “green” alternative to the use of conventional jet fuel,
several barriers to their widespread usage exist. Presently,
the industry has been unable to produce enough biomass to
replace conventional jet fuel. This has resulted in concerns
that land will be used for biofuel crops rather than for food
production which would thus impact the prices of world food
prices. Other concerns include the high research and develop-
ment costs of biofuel (and their relative cost versus jet fuel),
uncertainties about the accounting procedures, the true-life
cycle emissions savings and issues relating to fuel consistency
[15] (p. 34).
2.2 Alternative Fuels for the Air Transport Industry
Alternative aviation fuels can be produced from algae, camelina,
halophytes, jatropha, and wastes, for example wastes of plant
and animal origin as well as animal and municipal wastes [14].
The properties of alternative aviation biofuels are:
1. Reduced greenhouse gas emissions;
2. Renewable resources;
3. Compatibility with conventional jet fuels; and
4. Sustainability and clean burning [14] (p. 1237).
The types of alternative aviation biofuels include the fol-
lowing:
2.2.1 Hydro-Processed Renewable Jet Fuels
Hydro-processed renewable jet fuels (HRJs) are produced
through the hydrodeoxygenation of vegetable oils, animal fats,
waste grease, algal oil and bio oil. The major side products are
water and propane [14, 21]. According to Gutie´rrez-Antonio
et al. [22] (p. 710), “the hydroprocessing pathway consists
on the chemical conversion of triglyceride feedstock through
hydrodeoxygenation, hydroisomerizing and hydrocracking
to produce “biojet fuel”. The hydro-processed renewable jet
fuels are high energy biofuels that can be used as a fuel source
without any blending [23]. One of the primary advantages
of hydroprocessed renewable jet fuels is the reduction in the
emissions of greenhouse gases, such as, carbon monoxide
(CO), hydrocarbons (HC), nitrogen oxides (NOX), and par-
ticulate matter (PM) [14]. In addition, the hydroprocessed
renewable jet fuels have a high cetane number and have high
thermal endurance [23].
The hydro-processed renewable jet fuels (HRJs) can be
used without the necessity to modify conventional aircraft
engines. In addition, this fuel can be used as an additive or
blended with conventional jet fuel. These fuels also avoid
motor corrosion. Due to the good cold flow properties, these
fuels are suitable for the operation of higher flights [23] (p.30).
The lack of oxygen and sulphur in the fuel reduces its lubricity
[14].
2.2.2 Fischer Tropsch Fuels
de Klerk [24] (p. 241) notes that “the Fischer Tropsch (F-T)
synthesis is a conversion technology that was developed to
convert any carbon-based material into an oil product that can
be refined to conventional transportation fuels and petrochem-
ical products”. Fischer Tropsch fuels (F-T) are hydrocarbon
fuels [14, 23]. This fuel is produced through catalytic con-
version of syn gas, which is a mixture of carbon monoxide
(CO) and hydrogen (H2) [25, 26]. There are many types
of biomass raw materials, for instance, woody crops, wood
waste, grass crops, and agricultural residues, that can be used
to produce syn gas [23]. The Fischer Tropsch fuels are nor-
mally clean burning, high value fuels, and are characterized by
non-toxicity, zero emissions of nitrogen oxides, high cetane
number, reduced particulate matter (PM), low Sulphur, and
aromatic content. In addition, the combustion of the fuel is
free of carbon dioxide and hydrocarbons [14] (p. 1233).
Unlike many other alternative fuels, Fischer Tropsch fuels
do not require any special distribution infrastructure [14]. The
Fischer Tropsch process is expensive [14, 27] and as a result
of the less energy density, the Fischer Tropsch fuels offer low
power and low fuel economy [14].
2.2.3 Biodiesel
Biodiesel is produced through the process of transesterifica-
tion using animal fats or vegetable oils [23] (p.31). Biodiesel
is a biodegradable fuel [28, 29] and has excellent lubricity
[14, 23]. Biodiesel offers several advantages when compared
with other fuels, such as a high flash point and good misci-
bility with fossil derived fuels. Also, biodiesel offers lower
greenhouse gas and sulphur emissions, and does not cause
any water, soil, or air pollution due to its non-toxic properties
[23].
However, biodiesel is not appropriate to use as an aviation
fuel. The energy density of biodiesel is lower than the more
conventional jet fuels [23] (p. 31). It also has low efficiency
[14, 23]. The cloud point of biodiesel is also higher than fossil
fuel-based aviation fuel. This property results in negative im-
pacts for high flights [23] (p. 31). Biodiesel contains saturated
fatty acids [23, 30]. According to Unlu and Hilmioglu [23]
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Figure 1. Aviation biofuel production process. Source: adapted from [21]. Each step in the process from transport to flight
results in the production of CO2, which is then captured by the source as the cycle continues.
(p. 31), “these structures cause the decrement stability of the
biodiesel”. Accordingly, biodiesel is not presently attractive
as an alternative aviation fuel [14, 23].
2.2.4 Liquid Biohydrogen and Biomethane
Liquid hydrogen is presently being established as an alterna-
tive jet fuel [23, 31, 32]. Biohydrogen is produced from an
extensive diversity of biomass resources by following both
thermal and biochemical methods [33]. Liquid hydrogen has
a high energy density [34] but requires high storage volume
[20, 35]. According to Kandaramath Hari et al. [20] (p. 1237),
“the combustion of liquid hydrogen causes low emission of
greenhouse gases compared to petroleum-based jet fuels”.
The major issue with liquid hydrogen fuel is that it cannot
be used as a fuel for conventional aircraft engines and, as a
result, the engine(s) need to be modified [33]. Another prob-
lem associated with the use liquid hydrogen as a fuel source,
is that upon mixing with air, it can burn in low concentration
which will cause safety issues [14]. The storage of hydrogen
in a liquid form is quite difficult since it requires a low tem-
perature [36, 37, 38]. Also, the emission of comparatively
high volumes of water vapor is a problem associated with
hydrogen-powered aircraft [14] (p. 1237). However, liquid
hydrogen fuels have low harmful emissions [34, 39].
Liquid methane can be used a fuel source in cryogenic
aircraft [14, 23, 40]. Engine design is a difficulty that needs to
be confronted for the commercialization of liquid methane fu-
els [19, 22]. The combustion of liquid methane fuel results in
the emission of methane [18], which is a powerful greenhouse
gas [41].
2.2.5 Bio Alcohols
Ethanol and butanol are typically used as biofuels [23, 42].
However, bioethanol is not appropriate for the aviation in-
dustry due to its high volatility, low flash point, and energy
density. The use of alcohol as a fuel source requires extra
engine design and a special delivery infrastructure and storage
system. The blending of alcohol with conventional aviation
fuels is not feasible due to its poor fuel properties which will
result in aviation-related issues [14, 23].
3. Research Method
3.1 Research Method Used in the Study
An instrumental case study research approach was used in this
study [43, 44]. An instrumental case study is the study of a
case, for example, a firm, that provides insights into a specific
issue, redraws generalizations, or builds theory [45, 46]. The
present study was designed around the established theory of
sustainable aviation fuels [18, 23, 47]. The key issues ex-
amined in the present study were twofold. Firstly, the study
examined Oslo Airport Gardermoen sustainable aviation bio-
fuels initiatives, and secondly, the study examined the impact
that sustainable fuels had on Oslo Airport Gardermoen infras-
tructure. Thus, as previously noted, Oslo Airport Gardermoen
was the case firm examined in the study.
The research undertaken in the present study used a qual-
itative case study research design [46, 48]. The goal of this
approach is to expand and build theories rather than perform
statistical analysis to test a study’s specific hypothesis [49].
9
G. Baxter, P. Srisaeng, G. Wild Assessment of Aviation Biofuels Usage at Oslo Airport Gardermoen
3.2 Data Collection
Data for the study was obtained from a range of documents,
Oslo Airport Gardermoen company materials available on the
internet, airline industry press articles, and media releases.
These documents provided the sources of case evidence. The
documents collected and examined in the study included Avi-
nor A/S (owner and operator of Oslo Airport Gardermoen).
annual sustainability reports, media releases, company pre-
sentations, and the airport’s websites. An exhaustive search
of the leading air transport magazines such as Airport World,
Airline Business, Aviation Week and Space Technology and
International Airport Review, was conducted. Applied Energy,
Energy, Fuel Processing Technology, Renewable and Sustain-
able Energy Reviews, Journal of Air Transport Management
and the Journal of Airport Management journals were also
reviewed in the study. A search of the SCOPUS and Google
Scholar databases was also undertaken.
The key words used in the database searches included
“Oslo Airport Gardermoen sustainable fuel strategy”, “sus-
tainable aviation fuels”, “Oslo Airport Gardermoen aviation
biofuel regulatory framework”, “flights powered by aviation
biofuel”, and “sources of sustainable aviation fuels at Oslo
Airport Gardermoen”.
Secondary data was therefore used in the study. The three
principles of data collection as suggested by Yin [50] were
followed: the use of multiple sources of case evidence, cre-
ation of a database on the subject and the establishment of a
chain of evidence.
3.3 Data Analysis Process
The empirical data gathered for the study was examined us-
ing document analysis [51, 52]. Document analysis is quite
frequently used in case studies and focuses on the informa-
tion and data from formal documents and company records
that were gathered in the study [53, 54, 55]. The documents
collected for the present study were examined by four key cri-
teria: authenticity, credibility, representativeness and meaning
[56, 57].
The documents collected in the study were all readily avail-
able in the public domain. In the present study, the evidence
for the case study was corroborated using various kinds of doc-
uments that were sourced from various sources, for example,
company media releases, articles publishing in the leading air
transport and airport industry magazines, and relevant articles
published on the Internet [58]. No major difficulties were
experienced in obtaining the documents as all the relevant
documents could be easily accessed in the public domain. The
evidence found in the documents collected and used for the
present study were all clear and comprehensible [59].
The document analysis process in the study was under-
taken in six distinct phases which followed the recommenda-
tions of O’Leary [60]:
• Phase 1: This phase involved planning the types and
required documentation and their availability;
• Phase 2: The data collection involved gathering the
documents and developing and implementing a scheme
for the document management;
• Phase 3: Documents were reviewed to assess their au-
thenticity, credibility and to identify any potential bias;
• Phase 4: The content of the collected documents was
interrogated, and the key themes and issues were identi-
fied;
• Phase 5: This phase involved the reflection and refine-
ment to identify and difficulties associated with the
documents, reviewing sources, as well as exploring the
documents content; and
• Phase 6: The analysis of the data was completed in this
final phase of the study [60] (p. 179).
Following the guidance of Yin [50], all the collected doc-
uments were downloaded and stored in a case study database.
The documents collected for the study were all in English.
Each document was carefully read, and key themes were
coded and recorded. This also study followed the recommen-
dation of van Schoor [59] (p. 94), who has noted that in order
to avoid bias, documents from different sources should also be
carefully analyzed in the study. In addition, triangulation was
utilized to add discipline to the study. This was achieved by
collecting documents from multiple sources. This approach
helped verify the themes that were detected in the documents
gathered in the study [61, 62].
4. Results
4.1 A Brief Overview of Oslo Airport Gardermoen
Oslo opened a new airport at Gardermoen, a redundant mil-
itary airfield, in 1998 replacing the bustling, compact Oslo
Fornebu Airport. The new airport related high-speed train and
improved road system to the airport cost almost NOK 20 bil-
lion ($USD 3 billion) [63]. Oslo Airport Gardermoen (OSL)
is Norway’s major airport and air traffic hub. The airport is
operated by Oslo Lufthavn AS, which was incorporated in
1992. Oslo Lufthavn AS is a subsidiary of Avinor AS [64].
The airport is in the municipality of Ullensaker, approx-
imately 47 kilometres north of Oslo [65]. Oslo Airport Gar-
dermoen occupies an area of 13 square kilometres and has
two runways 2,950 and 3,600 metres in length, respectively.
The airport has a total of 72 gates (44 with aerobridges) and 7
gates (4 Code D and 3 Code F) located at the cargo terminals
[66].
The two largest airlines serving the airport are SAS Scan-
dinavian Airlines and Norwegian Air Shuttle. Direct flights
are operated to 31 domestic, 116 international and 18 inter-
continental destinations. A new passenger terminal, which
opened in April 2017, has expanded the airport’s s annual
capacity to 32 million passengers [67].
Figure 2 presents the annual enplaned passengers (domes-
tic and international passenger) at the airport from 2007 to
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2017. The global financial crisis had an adverse impact on
passenger travel with the annual number of enplaned passen-
gers at Oslo Airport Gardermoen declining from 2008 to 2009.
Since 2010, both domestic and international passenger traffic
has shown a steady increase (Figure 2). A comparable situa-
tion occurred in 2009 following the global financial crisis of
late 2008. Figure 2 also shows that international passengers
comprise the largest share on enplaned passengers at Oslo
Airport Gardermoen.
Figure 3 presents the total annual domestic and interna-
tional aircraft movements at Oslo Airport Gardermoen from
2007 to 2017. As can be observed in Figure 3, both domestic
and international aircraft movements declined in 2009 fol-
lowing the downturn in passenger demand, largely due to the
global finanical crisis (GFC). Since 2010, there has been a
steady increase in the number of domestic and international
aircraft movements at Oslo Airport Gardermoean. Also, as
can be observed in Figure 3, international aircraft movements
comprise the largest share of aircraft movements at he airport.
4.2 Oslo Airport Gardermoen Sustainable Aviation
Fuel Regulatory Framework
On 18 August 2018, the consultation process by Norway’s
Ministry of Climate and Environment on a proposal to in-
troduce a mandate requiring all commercial jet fuel sold in
the country to contain 1% of sustainable aviation fuel (SAF)
from 1 January 2019 closed. The objective of the consultation
was to bring the mandate into line with road transport require-
ments for fuel suppliers, with the sustainable aviation fuels
(SAF) percentage expected to increase to 30% by 2030. The
Norwegian Government consultation, sought input on mar-
ket conditions and estimates on possible volumes of aviation
biofuels that may be available from 2019, received responses
from a variety of key stakeholders including SAS Oil Norway,
Neste Oil, Widerøe and Aviation Fueling Services Norway,
as well as SkyNRG. The State-owned airport operator Avi-
nor was also involved with the Norwegian government and
civil aviation authority in investigating the feasibility of the
mandate [69].
In October 2018, The Ministry of Climate and Environ-
ment announced that airlines operating in Norway must use
more environmentally friendly jet fuel mixed with biofuel
from 2020. As part of Norway’s efforts to reduce greenhouse
gas emissions, the Norwegian Government have mandated
that the aviation fuel industry must mix 0.5% advanced bio-
fuel into jet fuel from 2020 onwards. The Ministry of Climate
and Environment’s goal is that by 2030, 30% of the airline
fuel will be sustainable with a good climate effect. This new
mandate corresponds to around 6 million litres of what is also
known as second-generation biofuels, a product of waste and
leftovers. The aviation biofuels used in Norway cannot be
based on palm oil [70]. In June 2017, Norway became the
first country in the world to ban the procurement of palm oil-
based biofuels by state-run bodies, such as Avinor – Norway’s
airport operator [71].
The announcement released by the government indicates
that the mandate will be flexible in that it will be up to ob-
ligated parties to determine when and where they blend the
required biofuel. Norway’s Environmental Protection Agency
predicts the mandate will reduce greenhouse gas (GHG) emis-
sions by 14,000 metric tons during the first year of operation
[72].
Despite there being other initiatives and aviation biofuel
trials around the world, Norway’s move to legislate biofuels
use in aviation may be the first legislation introduced world-
wide on the topic [70].
In addition, Norway is one of 72 countries that have signed
up to the United Nation’s International Civil Aviation Orga-
nization’s voluntary programme of carbon-neutral air travel
growth, which will commence in 2020 [72].
4.3 Oslo Airport Gardermoen Sustainable Aviation
Fuel Industry Body Memberships
The partners of the Nordic Initiative for Sustainable Aviation
(NISA) have created a regional body with the objective of
facilitating and strengthening the conditions for commercial
and continuous access to sustainable jet fuels. As part of its
aims, the initiative will identify the goals that may be achieved
over different timeframes as well as the sustainability aspects
for different pathways in light of national legislations, EU Sus-
tainability Criteria and international sustainability guidelines
[73].
An essential goal of the organization is to also coordi-
nate with initiatives and activities set up by industry organi-
zations such as the International Air Transport Association
(IATA) and the Air Transport Action Group ATAG, United
National bodies like the International Civil Aviation Organi-
zation (ICAO), EU initiatives as Flight Path 2020 as well as
other relevant initiatives [73].
They Nordic Initiative for Sustainable Aviation will focus
on bringing together key stakeholders throughout the supply
chain – agriculture, technology suppliers, investors, regula-
tors, producers and oil suppliers – to determine the best and
most energy efficient solutions, whilst at the same time work-
ing with policy-makers in response to the aviation sector’s
sustainable fuel requirements [74].
The Nordic Initiative for Sustainable Aviation (NISA) is
comprised of airports, airlines and their industry federations,
and aviation authorities. Airport operators who are part of
NISA include Avinor as well as Copenhagen Airports, Swe-
davia, Finavia and Isavia [75]. Norwegian Air Shuttle and
Scandinavian Airlines (SAS) are members of this key industry
body [73].
4.4 Sustainable Aviation Fuel at Oslo Airport Gar-
dermoen
In 2007, the Norwegian air transport industry commenced an
examination of sustainable jet biofuel. Sustainable aviation
biofuel was certified for use in civil aviation operation in 2009
[76]. On 19 November 2014, SkyNRG Nordic, the partner-
ship between SkyNRG and Statoil Fuel & Retail Aviation,
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Figure 2. Total annual enplaned passengers (domestic/international) at Oslo Airport Gardermoen:2007-2017. Source: data
derived from [68].
announced the supply of the first commercial quantities of
sustainable bio jet fuel to Avinor’s Oslo Airport Gardermoen
in 2015. The Norwegian airports operator Avinor played a
crucial role in the commercial scale purchasing agreements by
offering a unique airport incentive for biofuel powered flights,
which is open to all airlines. Lufthansa was the first airline
to sign up, followed by Scandinavian Airlines System (SAS)
and KLM Royal Dutch Airlines [77].
On March 31, 2016, KLM Royal Dutch Airlines com-
menced the first in a series of 80 flights from Oslo to Amster-
dam using a sustainable biofuel blend to power an Embraer
E190 jet aircraft. The flights were planned to operate over a
period of five to six weeks and wood use around 200 tonnes
of blended biofuel in a mix of 47 percent neat biofuel and 53
percent fossil fuel [78].
Oslo Airport Gardermoen was the first airport in the world,
just ahead of Los Angeles International Airport, to start offer-
ing jet biofuel to its airline customers [78]. The first flights
utilizing jet biofuel in Norway were conducted by Scandina-
vian Airlines (SAS) and Norwegian Air Shuttle in November
2014 [79]. In January 2016, Oslo airport in collaboration
with AirBP, Neste, SkyNRG, Lufthansa Group, KLM, and
SAS – became the first international airport in the world to
supply biofuel for all airlines refuelling there. According to
Avinor A.S, a total of 1.25 million litres of sustainable jet
biofuel were used in Norway in 2016. This corresponded to
0.1 per cent of all jet fuel sold in the country [80] (p. 36).
The sustainable aviation biofuel was delivered to the airport’s
main fuel farm and was distributed through the hydrant and
dispenser system [76]. The European Union emissions trading
system (ETS) and Norway’s carbon dioxide (CO2)-tax was
waived [76]. In the fourth quarter of 2016, a new supply of
biofuel was received from AltAir, a company that is based in
California. It was the first time in the history that biofuel has
been distributed at an airport together with fossil fuels from
the central tanking facility. This practice has reduced costs
significantly [78].
The first batch of aviation biofuel (600,000 litres) was
based on camelina and came from the “Initiative Towards
Sustainable Kerosene for Aviation” (ITAKA) project in Spain.
The fuel was refined by Neste in Finland and subsequently
shipped to Ga¨vle in, Sweden where it was blended with fossil
JetA1 (50/50). The aviation biofuel was transported to Oslo
Airport Gardermoen by road transport, and upon arrival at
the airport it was dropped into the airport’s fuel farm and was
subsequently distributed in the airport’s fuel dispenser system
[76].
The second batch of aviation biofuel (650,000 litres) was
based on used cooking oil. The cooking oil was refined by
AltAir, who are in California, US. This was the first-time jet
biofuel was imported to Europe. Similar to the first batch, the
batch was shipped to Shipped to Ga¨vle in Sweden, and was
subsequently transported to Oslo Airport Gardermoen by road
transport [76].
The supply of aviation biofuel in Norway was expanded
in August 2017 to include Bergen airport, Flesland. There
was very limited availability of jet biofuel in the market in
2017. As a result, the mixture of only 125,000 litres of jet
biofuel was available for use during 2017 [80].
In addition, Avinor has allocated up to NOK 100 million
for a ten-year period (2013-2022) for measures and projects
contributing to the introduction of jet biofuel in Norwegian
aviation. Together with the airlines and the Federation of Nor-
wegian Aviation Industries (NHOLuftfart), Avinor has investi-
gated the potential for establishing the large-scale production
of biofuels for aviation using biomass from the Norwegian
forestry industry. The studies have revealed that this can be
realized between 2020 and 2025. Avinor has also worked with
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Figure 3. Total annual aircraft movements (domestic/international) at Oslo Airport Gardermoen:2007-2017. Source: data
derived from [68].
a number of stakeholders on the production of jet biofuel for
aviation in Norway. In addition, Avinor supports several re-
search projects related to this, including in collaboration with
SINTEF, BI Norwegian Business School, and the Norwegian
University of Life Sciences [80] (p. 36).
Avinor has a goal that by 2030, 30 % of aviation fuel
supplied in Norway should be sustainable biofuel. This would
equate to around 400 mililitres [76].
Of the various forms of biomass that are suitable for the
production of sustainable jet biofuel in Norway, the greatest
potential from a ten-year perspective lies in forestry. The
resource potential of the sea (algae) is also quite significant.
However, this type of resource is not anticipated to be avail-
able in large volumes by 2030. Thus, forest-based source
materials are therefore anticipated to be the most suitable re-
source until 2030. For the biofuel produced from forestry,
it is important to note that the aviation industry in Norway
will only use those parts of the tree which cannot be used for
products, for example, construction materials [81].
Jet biofuel can also potentially be imported from overseas
[79] (p. 36). In terms of importing alternative fuels, com-
mon source materials for biofuel production include waste
products, for example, cooking oil and slaughterhouse waste,
and also vegetable oils from plants such as camelina and jat-
ropha. There are also specific plans and projects in countries
including the United States of America to produce sustain-
able aviation biofuel from both household waste and recycled
plastic [81] (pp. 18-19).
As previously noted, the biofuels sold to airlines in Nor-
way are produced without palm oil or palm oil products [78].
4.5 The Environmental Benefits of Sustainable Avi-
ation Fuel for Oslo Airport Gardermoen
Avinor has noted that a single bio-fuel plant can produce
enough bio-jet fuel and bio-diesel to reduce greenhouse gas
emissions from Norwegian aviation by 10-15%, whilst at the
same time yield major emission cuts in road transport. Thus,
aviation bio-fuel production offers environmental benefits for
Norway through reduced greenhouse gas emissions as well
as the increased value creation from forests. The use of sus-
tainable aviation biofuels is an important step towards a sus-
tainable industry in Norway and a shift towards the country’s
renewable zero discharge society [82].
5. Conclusion
This study has examined the evolution of the use of sustainable
aviation biofuels at Oslo Airport Gardermoen. Oslo Airport
Gardermoen was the first airport in the world to offer aviation
biofuels to all airlines serving the airport. The use of sustain-
able aviation biofuels has attracted a lot of attention in the
literature and this study adds additional insights into the use
of aviation biofuels as an airport sustainable environmental
measure. This study utilized a qualitative case study research
design. The documents gathered as case evidence were exam-
ined using a document analysis approach. The qualitative case
study was underpinned by the case study research framework
that followed the guidance of Yin [51].
The study found that the use of sustainable aviation biofu-
els has delivered tangible environmental benefits. The usage
of aviation biofuels has enabled the airport, and the airlines
using sustainable aviation biofuels, to reduce their greenhouse
gases by 10-15%. Also, as noted in the case study, as part
of Norway’s efforts to reduce greenhouse gas emissions, the
Norwegian Government have mandated that the aviation fuel
industry must mix 0.5% advanced biofuel into jet fuel from
2020 onwards. The Ministry of Climate and Environment’s
goal is that by 2030, 30% of the airline fuel will be sustainable
with a good climate effect. This new mandate corresponds
to around 6 million litres of sustainable aviation biofuel per
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annum. Avinor, the operator of Norway’s airports, has a goal
that by 2030, 30 % of aviation fuel supplied in Norway should
be sustainable biofuel – this follows the Norwegian govern-
ment’s mandate.
The study also found that the first batch of aviation biofuel
was based on camelina. The production of sustainable aviation
biofuels from farm and forestry waste, and from used cooking
oil, results in a reduction in emissions when compared with
the performance of fossil fuels. It is from these more environ-
mentally friendly sources that Oslo Airport Gardermoen takes
its biofuels.
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